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APPENDIX1-A
List of Figures

Appendix 1-A. Grinnell Aquamist Nozzles

Figure 1-A2.a Flux Density Distribution: AM10 nozzle, D1, D3 axes.
Figure 1-A.2.b Flux Density Distribution: AM10 nozzle, D2, D4 axes.
Figure 1-A3.a Velocity Plots: 0.3 m below AM10 nozzle, X & Y axes.
Figure 1-A3b Velocity Plots: 1.0 & 0.3 m below AM10 nozzle, X & Y axes.
Figure 1-A4.a Weighted Average Drop Size Distribution: AM10 nozzle.

Figure 1-A2.c Flux Density Distribution: AM4 nozzle, D1/D3.

Figure 1-A2d Flux Density Distribution: AM4 nozzle, D2/D4.

Figure 1-A3.c Spray Velocity Data, 0.3 m below AM4 nozzle.

Figure 1-A3d Spray Velocity Data, 0.3 & 1.0 m below AM4 nozzle.
Figure 1-A4b Weighted Average Drop Size Distribution: AM4 nozzle.

Figure 1-A2.e Flux Density Distribution: AM6 nozzle, D1/D3.

Figure 1-A2.f Flux Density Distribution: AM6 nozzle, D2/D4.

Figure 1-A3.e Spray Velocity Data, 0.3 & 1.0 m below AM6 nozzle.
Figure 1-Ad.c Weighted Average Drop Size Distribution: AM6 nozzle.

Figure 1-A4.d Drop Size Distribution Data: Comparison of AM10, AM4 and AM6.

Figure 1-Ad.e Drop Size Distribution Data: Comparison of AM10 Kidde ESK 1214,
Marioff MF11, and “Navy” nozzles.

1-5



Appendix 1: Spray Characterization

1-A: Grinnell Aquamist

Grinnell’s Aquamist ~-AM10 machinery room mist nozzle is a low-pressure, single-fluid nozzle,
designed to operate at 12 bar (175 psi). A jet of water issuing from a 3 mm orifice impinges on
a spherical surface to create a water mist with approximately a 90 degree cone angle. The
manufacturer reports a K factor of 3.5 L/min/bar” , (0.24 gpm/psi “). The nozzle can be
equipped with a thermally sensitive bulb element to allow it to act like a standard sprinkler.

Two other Grinnell water mist nozzles, the AM4 and the AM6, were examined for spray
characteristics,. The AM4 is similar to the AM10 nozzle, with the same size orifice and K
factor. The deflector surface is different, however, consisting of a small diameter indented disk
rather than a sphere. The AM6 nozzle has a larger orifice (4 mm) with a K factor of 4.7 L/min
/bar” (0.33 gpm/psi” ). The nominal flow rate is 34 percent higher than the AM10 machinery
space nozzle. Although of interest for testing for boundary cooling objectives, neither the AM4
or AM6 was used in the Task 2 fire testing.

Nozzle Designation Description K Factor Design Pressure Flow Rate

Aquamist AM10 Low-pressure, single fluid 3.5 L/min/bar'? 12 bar 12.1 L/min
Impingement nozzle; 90° cone

Aquamist AM 4 Low-pressure, single fluid 3.5 L/min/bar'? 12 bar 12.1 L/min

Impingement nozzle; 90° cone

Aquamist AM6 Low-pressure, single fluid 4.7 L/min/bar'? 12 bar 16.3 L/min
Impingement nozzle; 90° cone
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Figure 1-A.2.(2). Flux density profiles along axes D1 - D2, Aquamist nozzle,

AMI10 at 12 bar operating pressure, measured 1.0 m below nozzle.
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Figure 1-A.2 (b). Flux density distributions, measured on axes D2 and D4,

1.0 m below Aquamist AM10 nozzle at 12 bar operating pressure.
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Figure 1-A.3.(a) Measurement of vertical spray velocity (mist + entrained air)
0.3 m below an Aquamist AM10 water mist nozzle at 12 bar operating pressure.
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Figure 1-A.3 (b). Grinnell Aquamist, AM10 nozzle. Average velocity of
spray plus entrained air at different distances from the nozzle.
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Grinnell Aquamist AM10
Cumulative % Volume Drop Size Distribution
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a
Figure 1-A.4. Weighted cumulative percent volume drop size distribution curve, for Aquamist

AM10 water mist nozzle, measured 1.0 m below the nozzle at design operating pressure.
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Figure 1-A.2.c. Flux density distributions, D1 and D3 axes, measured 1.0 m
below Grinnell Aquamist AM4 nozzle at 12.3 bar operating pressure.
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Figure 1-A.2.d. Flux density distributions, D2 and D4 axes, measured 1.0 m
below Grinnell Aquamist AM4 nozzle at 12.3 bar operating pressure.
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AM 4 Spray Velocity, 0.3 m below nozzle.
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Figure 1-A.3.(c). Spray velocity measurements, Grinnell Aquamist AM4 nozzle at 12 bar.
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AM 4 Spray Velocity, 1.0 m & 0.3 m below nozzle.
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Figure 1-A.3.d. Spray velocity data for Grinnell Aquamist AM4 nozzle, K = 3.5 at 12 bar.
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Flux Density (L/min/mz)

Flux Density (L/min/mz)

AM6: Average Flux Density Distribution
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Figure 1-A.2.e. Flux density profiles along axes D1 and D3, Aquamist nozzle
AMG at 12.2 bar pressure, measured 1.0 m below the nozzle.
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Figure 1-A.2.f. Flux density profiles along axes D2 and D4, Aquamist nozzle
AMS6 at 12.2 bar pressure, measured 1.0 m below the nozzle.
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Figure 1-A.3.(e). Spray velocity measurements, Grinnell AM6 nozzle, measured
0.3 and 1.0 m below the nozzle.
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Grinnell Aquamist AM6
Weighted Average Drop Size Distribution
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Figure 1-A.4.(¢). Weighted cumulative percent volume drop size distribution curve, for
Aquamist AM6 nozzle, measured 1.0 m below the nozzle at 12 bar operating pressure.
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Weighted Average Cumulative % Volume Drop Size
Distribution, measured 1 m below nozzle.
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Figure 1-A.4.d Comparison of Weighted average drop size distributions, measured
1 m below nozzles. Nozzles include: AM10, AM4 and AM6 at 12.2 bar.
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and Aquamist AM10, and Kidde ESK 1214, at 12 bar.
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Appendix 1: Spray Characterization

1-B: Kidde International (Kidde Deugra) Nozzles

Three nozzles were received from Kidde Deugra of Germany, for fire testing. The nozzle
operates by directing five very fine streams of water to collide with each other, several
millimeters in front of the orifice. The mist formation mechanism is therefore partially a
“pressure jet” and an impingement mechanism. It is expected that the impingement event
increases the energy available for atomization and introduces random directionality to the mist
particles. The spray characteristics of all three nozzles were measured. The ESK 1215 nozzle
was not used in fire testing.

Nozzle Designation Description K Factor Design Pressure Flow Rate

ESK 1214 (K14) Low-pressure, single-fluid 1.3 L/min/bar'? 12 bar 4.5 L/min
Impinging jets, 90° cone

ESK 1215 (K15) Low-pressure, single-fluid 1.6 L/min/bar'? 12 bar 5.5 L/min
Impinging jets, 90° cone

ESK 8563 (K63) Low-pressure, single-fluid 2.9 L/min/bar'? 12 bar 10.0 L/min

Impinging jets, 90° cone
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APPENDIX 1-B
List of Figures

Kidde International Nozzles

Average flux density profiles for ESK 1214 nozzle, D1, D3 axes.
Average flux density profiles for ESK 1214 nozzle, D2, D4 axes.
Flux density contours for ESK 1215 nozzle, orthogonal grid.

Flux density profiles for ESK 1215 nozzle, orthogonal grid.

Flux density profiles for ESK 1215 nozzle, N-S, E-W axes = D1/D3.
Flux density profiles: ESK 8563 nozzle, D2, D4 and D1, D3 axes.

Spray Velocity Data: ESK 8563 nozzle.
Drop size distribution: ESK 1214 nozzle.

Drop size distribution: ESK 1215 nozzle.
Compare drop Size distribution: ESK 1214 / 1215 nozzles.
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Figure 1-B.2.a. Averaged flux density profiles for ESK 1214 nozzle, at 12 bar
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on D1 and D3 axes, measured 1.0 m below nozzle.
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Flux Density (L/min/m?)

Flux Density (L/min/mz)

Kidde ESK 1214: Density Distribution Profiles
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Figure 1-B.2.d. Flux density distributions on grid, 1.0 m below
ESK 1215 nozzle, at 12.1 bar operating pressure, 5.7 L/min flow rate.
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Figure 1-B.2.f. Flux density distributions on D1/D3 and D2/D4 axes, 1.0 m below
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Figure 1-B-3.e. Spray velocity data, Kidde ESK 8563 nozzle at 13 bar. Velocity
of mist plus entrained air measured 0.3 m and 1.0 m below the nozzle.
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Cumulative Volume (%)

Weighted Average Cumulative % Volume Drop Size Distribution
1.0 m below ESK1214 Nozzle at 13.1 bar operating pressure.
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Figure 1-B.4.a: Kidde ESK 1214 nozzle at 13.1 bar. Drop size distributions measured
1.0 m below nozzle. Cone diameter = 1.5 m. Weighted over 24 points.
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ESK 1215: 1.0 m below nozzie.
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Figure 1-B.4.b. Weighted average drop size distribution, ESK 1215 nozzle.
Total 24 traverse points. Effectove Diameter = 1.4 m at 1.0 m below.
Nozzle pressure 12.4 bar.
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Comparing weighted average cumulative drop size distributions.
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Figure 1-B.4.c. Comparison of weighted average drop size distribution, ESK 1214,
and ESK 1215 nozzles. Nozzle pressures 12.5 bar.

1-34




APPENDIX 1-C
List of Figures

Appendix 1-C. Marioff Hi-Fog Nozzles

Figure

Figure
Figure
Figure
Figure

Figure
Figure

Figure

Figure

1-C.1.a

1-C2.a
1-C.2.b
1-C.2.c
1-C.2.d

1-C.3.a
1-C.3.b
1-C3.c

1-C4.a

Pressure —Flow Data: 4S 1MC SMB.

Flux Density Distribution Contours: 4S IMC 8MB.
Flux Density Distribution Profiles:. 4S 1MC 8MB.
Flux Density Distribution Contours: 3S 1MB 4MB.
Flux Density Distribution Profiles: 3S 1MB 4MB.

Spray Velocity Data 0.3 m below 4S 1MC 8MB.
Spray Velocity Profile 0.3 and 1.0 m below 4S 1MC 8MB.
Spray Velocity Data: 3S IMB 4MB.

Drop Size Distribution: 4S 1IMC 8MB 1100.

1-35



Appendix 1: Spray Characterization

1-C: Marioff Hi-Fog

Two Marioff nozzles were investigated, designated “4S 1MC 8MB 1100”, and “3S 1MB 4MB
1000”. The nozzle is a high-pressure, single-fluid device, which mounts multiple individual
orifices on a machined metal body. The “4S 1MC 8MB 1100” nozzle is listed for use in turbine
enclosures and machinery spaces. The digits ‘1100” at the end of the code indicate it is an FM
listed nozzle; “10007”, that it is not. The “4” indicates itis a 90-degree cone; ‘1MC’ indicates
that there is one orifice on the central axis, with diameter 1.0 mm;  ‘8MB’ indicates there are 8
orifices equally spaced around the body of the nozzle, each with diameter 0.7 mm. The ‘3’ in
the designation for the second nozzle indicates it has a 120 degree spray cone, one central orifice
of diameter 0.7 mm, and four 0.7-mm orifices around the body of the nozzle.

Nozzle Designation Description K Factor Design Pressure Flow Rate
4S 1MB 8MC 1100 High-pressure, single fluid 1.9 L/min/bar*? 70 bar 15.9 L/min

Pressure jet , 90° cone

3S 1MB 4MB 1000 High-pressure, single fluid 1.0 L/min/bar'? 70 bar 8.4 L/min
Pressure jet, 120° cone
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Figure 1-C.1. Pressure - Flow relationship for Marioff high pressure
4S 1MC 8MB 1100 machinery space nozzle.
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Flux Densty, L/min/m®

Flux Density, L/min/m’

Flux Denstty, L/min/m®

Rows 1 to 3: 1.0 m below single M 4S 1MC 8MB 1100 nozzle.
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Figure 1-C.2.b. Flux density profiles, 1.0 m below MF-11 nozzle.
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Figure 1-C.2.d. Flux density profiles 1.0 m below one quadrant of
Marioff 3S 1MB 4MB nozzle (120° spray cone).
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Air/Spray Velocity, m/s Air/Spray Velocity, m/s

Air/Spray Velocity, m/s

Velocity 0.3 m below Marioff 1MC 8MB Nozzle at 70 bar.

20 E ¥ 1 T ' 1] L] 1 L4 l T T i ) ' 1 1 L) £ ' L) 1 i T ! ) 1 ] ] E
18 ¢ Ay ! | —o—dtrd
3 : D, ; 3
16 3 : f AAA DN &%“ ——dir3 T3
14 E # : — d1r2 ——3
12 b f —
10 £ S
6F | z
4E
2 B =
0 SOOI E
L i ] 3 l I3 [l 1 I3 ‘ 1 L ] 1 I 1 1 s 1 t L 1 1 [ ' ] 1 i 1 3
0 10 20 30 40 50 60
Time, s . .
Spacing [r3 - r2] = 0.30 m (typical)

7 : i ' | ) ! 1 1 T ' ’ 1 v 1 1 I 1 1 T L) I 1 ¥ ¥ ] l ¥ 1 1 ) q
6 - QOQ ; : 3
3 b\‘ { ; ; —o— didl ]
5F L | R —y— did2 ]
3 ; \)Q%oi f“ Sood” % —o- d1d3 3

4 F : : , —o— didd o
- | i 900 , e
3E : ; :
2 8 ‘ | ‘ E
Bl | ‘ ;
0000.0.000000000'0000000000000 * : E

0 1 1 1 1 l 1 N3 L 1 I 1 1 i 1 l 1 ] ] 1 l 1 1 1 1 ' 3 ) 1 - ha
0 10 20 30 40 50 60

Time, s '

16 E 1 T 'l T l T ] ] ] ! 1 1 T ] l Ll T ] ¥ ' 1 L] ¥ ¥ 1 ¥ ] 1{ ’ E
14 E 3 ' °°°oooo:;o; —0— d4r3 3
12 3 i Fo —v— d4r2 3
3 é g ‘i\ - d4rl
10 E ; ; 3 —o— ddcl 3
8k % | 4 .; Al —o- ddd1 3
3 T : TR —o- dad2 3

6 E ' j I ; i . —O0— d4d3 _3
N | B E
3 © : : Xcan . | E
Y , / = | . 002

0'_ s 300000 > Slah bbb > =

£ 1 1 1 A l 1 A L 1 L 1 1 1 I 1 L L i ; 1 1 1 .I l i 1 L 1 g
0 10 20 30 40 50 - 60

Time, s

Figure 1-C.3.a. Velocity readings measured 0.3 m below a Marioff 45 1MC 8MB nozzle.
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Figure 1-C.3.k Spray velocity data, Marioff 4S 1IMC 8MB 1100 (MF-11) nozzle, at
70 bar operating pressure.
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Marioff 3S - nozzle. Horizontal velocity 0.3 m below...

20 C T 1 T T T I T 1 1 1} 1 E
18 -
o 1 2 3 4 5 , — H-0.3 3
16 =
e |
C 3
2 12F ﬂ ’\7 M E
2 10F 3
8 8E 3
© - ]
> 6F 3
4 - Horizontal velocity measured: 3
2k | LT —
- to 5: 0.3 min front of each horizontal jet;
0 o J\/\. i — L#-‘!- Lr~ad L _:
1 | 1 | 1 i 1 | 1 | 1 n

0 2 4 6 8 10 12

Time, minutes
Marioff 3S - nozzle. Vertical velocity 1.0 m below...

20 I ¥ I T l + I ¥ I T I L] l 1 I ¥ ]
18 |- -
L — D1, 1m 4
16 — D5,1m -
14 |- —
g 12 .
g“. 10 |- —
'8 N Measured in stream -
e 8 -
> 6l " i
4 L ” Measured between streams -

o[ | A [L ]
0 :A 11 -1
L 1 . I . i . ] . l , 1 . i L]

0 2 4 6 8 10 12 14 16

Time, minutes

Figure 1-C.3.c. Velocity data collected 0.3 mand 1.0m below Marioff 3S 1IMB 4MB
nozzle (120° cone bilge nozzle). Operating pressure = 70 bar. Discharge rate 9.5 L/min.
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Cumulative Volume (%)

Marioff 4S 1MC 8MB 1100 Nozzle
Weighted Average Drop Size Distribution
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Weighted average of 24 drop size distributions measured 1.0 m below nozzle.
Pressure 70 bar; cone diameter 1.75 m; total flow rate 14.3 L/min.
Characteristic values: Dv0.9 = 185 microns, Dv0.5 = 110 microns, Dv0.1 = 40 microns.

Figure 1-C.4.2. Weighted average cumulative percent volume drop size distribution
curve for Marioff 4S 1MC 8MB nozzle. Measured 1.0 m below nozzle at operating
pressure of 70 bar.
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Appendix 1: Spray Characterization
1-D: Spraying Systems Company (NAVY) Nozzle.

The fourth nozzle was a customized Spraying Systems Company 7N series nozzle, which was
developed for machinery spaces on the Navy’s LPD17 [4]. It consists of a Spraying Systems
Company Model 7N nozzle with some modifications. For typical Navy machinery space
installations, two orifice arrangements are provided, one for ceiling mounted nozzles, and one for
nozzles mounted at an intermediate level. This test series used the one developed for ceiling
mounting. It has seven orifices in all. Six 1/4LN2 orifice caps (CP1206 and CP1207-2-SS) with
1/4LN26 orifice inserts (3781-26) are installed around the perimeter of the nozzle. A 1/4LN12
orifice cap assembly with a 1/4LN12 orifice insert is installed in the center of the group. The
nominal K factor was measured previously [4], as 1.43 L/min/bar” , producing a flow of 13.25
L/min at a 70 bar nozzle pressure.

The capabilities of the Navy nozzle system were evaluated during numerous full-scale machinery
space tests [5, 6]. The nozzle has not been evaluated as part of a ‘listing’.

Nozzle Designation Description K Factor Design Pressure Flow Rate
NAVY High-pressure, single fluid 1.6 L/min/bar'”? 70 bar 13.3 L/min

Pressure jet , 120° cone
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Flux Density Distribution Profiles 1.0 m below Navy nozzle.
Flux Density Distribution Contours 2.2 m below Navy nozzle.
Flux Density Distribution Contours 2.2 m below Navy nozzle.
3-D Flux Density Contours 2.2 m below Navy nozzle.

Spray Velocity Data: 0.3 m below Navy Nozzle
Spray Velocity Data: 1.0 m below Navy Nozzle
Spray Velocity Profiles: 0.3 m and 1.0 m below Navy Nozzle

Drop Size Distribution Data: 1.0 m below Navy Nozzle
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Rows 1 to 4: 1.0 m below single SSC "Navy Nozzle".
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Figure 1-D.2.b. Flux density profiles, 1.0 m below Navy nozzle, at 71 bar
operating pressure, discharge rate = 15.5 L/min.




Rows, 0.305 m spacing

Contour Graph 1: Navy Nozzle Floor Densities (2.2 m below nozzle)
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Figure 1-D.2.c. Flux density measured at floor 2.2 m below Navy nozzle.
Nozzle discharge rate 15.5 L/min at 71 bar operating pressure.
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Rows 1 to 4: 2.2 m below single SSC "Navy Nozzle".
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Figure 1-D.2.d. Flux density profiles measured 2.2 m below single Navy nozzle.

Discharge 15.5 L/min at 71 bar.
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Air/Spray Velocity, m/s

Air/Spray Velocity, m/s

Velocity 0.3 m below Navy Nozzle at 70 bar.
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Figure 1-D.3.a Spray velocity data, 0.3 m below Navy nozzle on two axes,
at 70 bar operating pressure.
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Air/Spray Velocity, m/s Air/Spray Velocity, m/s

Air/Spray Velocity, m/s

Velocity 1.0 m below Navy Nozzle at 70 bar.
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Figure 1-D.3.b. Spray velocity data, measured 1.0 m below Navy nozzle at
70 bar operating pressure.
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Air/Spray Velocity, m/s

Average Spray Velocity - 0.3 m below Navy nozzle
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Figure 1-D.3.c. Spray velocity profiles, 0.3 and 1.0 m below Navy nozzle at 70 bar
operating pressure.
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Cumulative Volume (%)

Navy Nozzle at 70 Bar
Weighted Average Drop Size Distribution
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Weighted average drop size distribution, measured 1 m below nozzle.
Discharge rate: 15.5 L/min; Cone Diameter: 1.65 m; average of 12 readings + Center axis.
Dv0.9 = 245; Dv0.5 = 125; Dv0.1 = 40 microns.

Figure 1-D.4.a. Weighted average cumulativer percent volume drop size distribution
plot for the Navy nozzle, measured 1.0 m below the nozzle at 70 bar operating pressure.
Curve is the weighted composite of 12 readings.
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Appendix 2A

Grinnell Aquamist Full-scale Test Data
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APPENDIX 2A — AQUAMIST NOZZLE TESTS

Test T1 A10 B2 Plot 1. Pressure-Flow data
Plot 2. Thermocouple trees in fire test room
Plot 3. Thermocouple tree readings over fire
Plot 4. Ceiling temperatures, burn room and corridor
Plot 5. Room gas concentrations
Plot 6. Smoke optical density readings
Plot 7. Room pressure

Plot 8. Door probes

Test T2 A10 A2 Plots1to 8
Test T3 A10 B2 Plots1to 8
Test T4 A10 B2 Plots 1to 8
Test TS A10 A2 Plots 1 to 8
Test T6 A10 Al Plots 1to 8
Test T7 A10 Cl Plots1to 8
Test T8 A10 B3 Plots1to 8
Test T9 A10 Al Plots 1to 8
Test T10 A10 Al Plots 1to 8
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D. C. Arm Water Mist Test
Check Sheet

Test: TIA10B2 Date: 5/20/98

Nozzle type and spacing: AM10 (5) stagger

Fire type fuel package: B Fire- Crib 117°x11 **x6'/, deep pan 1 L Heptane
-center position

Gas sampling calibration completed: yes (H, Oz, CO,, CO)

Sampling pumps on: yes

Micro-manometers on and zeroed: Room: O, CO,, CO

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: yes Door: no

ODMs cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: Low (gauge 0-300 psi, 0-500 psi)

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: 70°F Dry bulb: 79°F

Relative Humidity: 65%

Fan setting:50.2% Size and location of wood crib: 33'/,x33%/,x23"/5+0.5

System target pressure and flow: 190 psi, 15 gpm-17 gpm

Time of data collection start: 10:45 AM

Time of ignition: 3:00

Comments: Fire severe, gauge pressure 190-200 psi, Flow-measured, water on 6 min
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Plot 1. Pressure-Flow data for test T1A10B2.
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Plot 2. Thermocouple trees in fire test room for test T1A10B2.

2A-5




Temperature, °C

TC Tree #5 TC Tree #6

100_ 1IIIIllIlllllllIIIIIIIlllllllllI(I’llll]IllllllllllllIIIIIIIIII_ 100_llIllIIlllllllIIIllllll‘IllllllllllllllllllllII|IH|IIIIIIIIIIIII_
: TERNA 3 - .
90 - } 3 90 [ 3
: I A\ E : 3
n | RS 3 o 3
80 [ , - 80 |- 4
F | ] C 3
70F | 4 rnE 3
60 |- 2 eo0 | =
C 1g - ]
C 13 - 7
50 - J8 sof -
C 19 C ]
L -g- F N
40 - —:’g 40 E- -g
< = ——
- = o >
20 [ == f g 7
g E 1 VA VI s
10}/ - 10 :—\I -
0:|LJ_LL]J|JJJJJILL11uILIJLLlu_lJJJILLxJJ_I|J4_Lu(LLuJJ|LLulI : 0:IllllllllllllI|llll]llllllllllllllllllll||lll|lll|llll|llllllllLL:
60 0 60 120 180 240 300 360 420 480 540 600 60 0 60 120 180 240 300 360 420 480 540 600
Time, seconds Time, seconds
TC Over Fire
350 T T T T I ] 1 L] 1 ] I ] T T L) T [ 1] 1 1 T + I Ll ] L 1 L} I L Ll L} ) T I L 1 L T )
300 | ]
250 | -
~~ L -
o [ ]
o 200} _
3 o -
=
=]
©
© i ]
8 50 i A
g 150 ]
)
|_ [ R
100 | ]
50 -
0 [ 1 1 ) i} 1 ‘ 1 1 1 1 1 ‘ 1 i) i} 1 1 l 1. i '} 1 L ‘ 1 A 1 1 1 l 1} 1 I3 L L J 1 1 1 1 1
-60 0 60 120 180 240 300 360

Time (sec.)
testtimport.jnb; 4A Crib; P1; Door(y); Vent(n); PB=180s; 5-AM10-ST; 1 90 psi

Plot 3. Thermocouple tree readings for test T1A10B2.
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Plot 4. Ceiling Temperatures, burn room and corridor for test T1A10B2.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test T1A10B2.
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Plot 6. Smoke optical density readings for test TIA10B2.
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Room Pressure
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Plot 7. Pressure difference between fire test room and adjacent space for test T1A10B2.
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Door Probes
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Plot 8. Velocity readings through door opening for test T1A10B2.
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D. C. Arm Water Mist Test
Check Sheet

‘Test: T2A10A2 | Date: 5/20/98
Nozzle type and spacing: AM10 (5) stagger

Fire type fuel package: 0.7 m x 0.7 m pan, 8.0 L Heptane

Gas sampling calibration completed: done AM

Sampling pumps on: yes

Micro-manometers on and zeroed: yes (changed to setra mm)
Bi-directional probes set for zero:

Cold traps drained and filled with ice: OK

Sampling set for room: yes Door: yes

ODM:s cleaned and checked: OK

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed:

Weather conditions: Temp. Wet bulb: 75°F Dry bulb: 84°F
Relative Humidity: 66%

Fan setting:50.2% Size and location of pan: 0.49m’ centered under plate
System target pressure and flow: 190 psi, 15 gpm-17 gpm

Time of data collection start: 14:15

Time of ignition: 3:00 min

Comments: re-ignited at 13:30, two more minutes of burning
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Plot 1. Pressure-Flow data for test T2A10A2.
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Room Gas Concentrations (%) - CO, Co,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 6. Smoke optical density readings for test T2A10A2.
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D. C. Arm Water Mist Test
Check Sheet

Test: T3A10B2 Date: 5/21/98

Nozzle type and spacing: AM10 (3)3.35m

Fire type fuel package: 11°” x 11°> wood crib at position 1/ 0.5 L Heptane in 11°” pan
Gas sampling calibration completed: yes

Sampling pumps on: yes

Room pressure transducer on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: yes Door: no

ODMs cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: 72°F Dry bulb: 76°F

Relative Humidity: 82%

Fan setting: Size and location of wood crib: 4-A ct P1 with igniton
System target pressure and flow: 190-200 psi

Time of data collection start: 13:36

Time of ignition: 3:00 min

Comments: water on 4:00 after ignition, water off at 12 miﬁ, forgot to close building

door, opened the water by-pass to reduce pressure, this increased flow without increasing

flow to fire, expected flow rate 6.9 gpm below range
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Plot 1. Pressure-Flow data for test T3A10B2.
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Plot 4. Ceiling Temperatures, burn room and corridor for test T3A10B2.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test T3A10B2.
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Plot 6. Smoke optical density readings for test T3A10B2.
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Plot 7. Pressure difference between fire test room and adjacent space for test T3A10B2.
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D. C. Arm Water Mist Test
Check Sheet

Test: T4A10A2 Date: 5/21/98
Nozzle type and spacing: AM10 (2)3.35m

Fire type fuel package: Pan, Heptane pan under steel plate

Gas sampling calibration completed: yes

Sampling pumps on: yes

Room pressure transducer on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: yes Door: no

ODM:s cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: 75°F Dry bulb: 80°F
Relative_ Humidity: 80%

Fan setting: Size and location of pan: : 0.7 m x 0.7 m Pan
System target pressure and flow: 210 psi

Time of data collection start: 14:22

Time of ignition: 3:00

Comments: turn water on 240 sec after ignition, room hot, water off at 9:00, re=ignition

of remnant fuel, burn off with door open
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Piot 1. Pressure-Flow data for test T4A10A2.
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Plot 2. Thermocouple trees in fire test room for test T4A10A2.
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Plot 3. Thermocouple tree readings for test T4A1 0A2.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test T4A10A2.
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D. C. Arm Water Mist Test
Check Sheet

Test: T5 A10 A2 Date: 5/21/98
Nozzle type and spacing: AM10 (2) at 3.35 m apart on room centerline.
Fire type fuel package: Pan position 1, 8.0 L Heptane, 60 sec preburn

Gas sampling calibration completed: yes

Sampling pumps on: yes

Room pressure transducer on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with icef yes

Sampling set for room: yes Door: no

ODMs cleaned and checked: yes

Smoke box vents:

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: 80°F Dry bulb: 85°F
Relative Humidity: 80%

Fan setting: 50.2% Size and location of pan: : 0.7 m x 0.7 m Pan
System target pressure and flow: 190-200 psi

Time of data collection start: 15:00 h ~

Time of ignition: 3:00 after start of data acquisition; Spray on: 4:00 after DA
Comments: extinguished 1 min 49 sec after water on, out 2:49 sec after ignition,

re-ignited 7:39 sec, water on at 8:39, 9:09 off, 9:39 on, 10:09 off (cycled)
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Ceiling Temperatures, burn room and corridor for test T5A10A1.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)

Room Probe location: 1.22 m below ceiling
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Plot 5. Room gas concentrations for test TSA10A1.
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Plot 6. Smoke optical density readings for test T5A1 O0A1.

2A-45

540



Room Pressure

7 IS s S A LS AN R T
C ' n |
6' I\ ] -———PT"BOt
i ) o ] | — . PT-Mid
51 /\ ! \ 4 ] — . PT-Top
Ak / \ / \ ]
- / \ y \ ]
i / ' / ! N
© 3 '
Q- ' \ / \ ]
o Lf / L ~ :
o - \/ \-\/"J N —~|~7 .
5 [ 4 A ]
o 1 - -
— A\ / |} ™~ o]
0/‘ ‘/'/\ R " /\/\/Av__/ Ve //’;\ -
\/\ \ /\ ;
-1 /J\ — paN /\\/
_2' \/__/ \ //\/ .
L - S ]
Sl b L L el I PTEE NN U S S A O B A ]

-60 0 60 120 180 240 300 360 420 480 540

Time, seconds

test5import.jnb; Pan A/8; P1; Door(y); Vent(n); PB=60s; 2-AM10-CL; 190 psi
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D. C. Arm Water Mist Test
Check Sheet

Test: TOA10A1 Date: 5/21/98
Nozzle type and spacing: AM10 (2) 3.35m

Fire type fuel package: Pan position 2, 8.0 L Heptane

Gas sampling calibration completed: yes

Sampling pumps on: yes

Room pressure transducer on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: yes Door: no

ODMs cleaned and checked: yes

Smoke box vents: closed

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: Dry bulb:
Relative Humidity: 80%

Fan setting: 50.2% Size and location of pan: Pos 2,8.0L
System target pressure and flow: 190-200 psi

Time of data collection start: 15:35

Time of ignition: 13:00

Comments: observed from doorway, out 354, extinguishment took 2 min 5 sec
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Plot 8. Velocity readings through door opening for test TEA10A1.

2A-56




D. C. Arm Water Mist Test

Check Sheet

Test: T7A10C1 Date: 5/22/98
Nozzle type and spacing: AM10 (2)3.35m

Fire type fuel package: corner 1A crib and panels, 100 mL Heptane
Gas sampling calibration completed: yes

Sampling pumps on: yes

Micro-manometers on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: yes Door: no

ODMs cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: 58 °F Dry bulb: 65°F
Relative Humidity: 66%

Fan setting: 50% Size and location of wood crib:

System target pressure and flow: 180-190 psi

Time of data collection start: 9:15

Time of ignition: 3:00 min

Comments: water of at 20:00



Test: T7IA10C1 Date: 5/22/98

South Wall West Wall

340
400

Panel Panel

4— 600 —P 4— 680 —P

Notes: TC crib fell to the floor.
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Plot 3. Thermocouple tree readings for test T7A10C1.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test T7A1 0CH1.
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Plot 6. Smoke optical density readings for test T7A10C1.
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Plot 8. Velocity readings through door opening for test T7A10C1.
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D. C. Arm Water Mist Test _
Check Sheet

Test: TSA10B3 Date: 5/22/98
Nozzle type and spacing: AM10 (2)

Fire type fuel package: crib 4A, position 2, 11> x 11”’ pan with 2 min preburn
Gas sampling calibration completed: yes

Sampling pumps on: yes

Micro-manometers on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: no Door: yes

ODMs cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditions: Temp. Wet bulb: 62 °F Dry bulb: 70 °F
Relative Humidity: 646%

Fan setting: 50.2% Size and location of wood crib:

System target pressure and flow: 190 psi

Time of data collection start: 11:55 AM

Time of ignition: 3:00 min

Comments: fire extinguished in <2 min
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Plot 1. Pressure-Flow data for test T8A10B™.
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Plot 2. Thermocouple trees in fire test room for test TBA10B™.
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Plot 3. Thermocouple tree readings for test T8A10B*.
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Ceiling TCs directly over fire - TC 64-68
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Plot 4. Ceiling Temperatures, burn room and corridor for test TBA10B™.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test T8A10B™.
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Plot 6. Smoke optical density readings for test T8A10B*.
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D. C. Arm Water Mist Test
Check Sheet

Test: T9A10Al ' Date: 5/22/98
Nozzle type and spacing: 1 A10 over door
Fire type fuel package: 0.7 x 0.7 m pan, position 1, 8.0 L Heptane
Gas sampling calibration completed: yes
Sampling pumps on: yes
Micro-manometers on and zeroed: yes
Bi-directional probes set for zero: yes
Cold traps drained and filled with ice: yes
Sampling set for room: yes Door: no
ODMs cleaned and checked: yes
Smoke box vents: open
Correct pressure transducers installed: low
Radiometers cleaned / water and air turned on: yes
Water filters to fire pump checked and installed: yes
Weather conditions: Temp. Wet bulb: 64°F . Dry bulb: 71°F
Relative Humidity: 70%
Fan setting: 50%
System target pressure and flow: 190 psi
Time of data collection start: 15:10
Time of ignition: 3:00 min v
Comments: 60 sec preburn, water off at 8:00, on 8:30, off 10:00, room cooled by fire

suppression
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Plot 3. Thermocouple tree readings for test TOA10A1.
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Ceiling TCs directly over fire - TC 64-68
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Plot 4. Ceiling Temperatures, burn room and corridor for test TSA10A1.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test TOA10A1.
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Plot 6. Smoke optical density readings for test TOA10A1.
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Plot 7. Pressure difference between fire test room and adjacent space for test TO9A10A1.
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Plot 8. Velocity readings through door opening for test T9A1 0A1.
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D. C. Arm Water Mist Test
Check Sheet

Test: TI0A10A1 Date: 5/22/98
Nozzle type and spacing: 1 A10 over door

Fire type fuel package: 0.7 x 0.7 m pan, position 1, 8.0 L Heptane
Gas sampling calibration completed: yes

Sampling pumps on: yes

Micro-manometers on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: yes Door: no

ODM:s cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and instélled: yes

‘Weather conditions: Temp. Wet bulb: 69°F Dry bulb: 78°F
Relative Humidity: 36%

Fan setting: 50%

System target pressure and flow: 190 psi

Time of data collection start: 15:35

Time of ignition: 3:00 min

Comments: fire went out
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Plot 1. Pressure-Flow data for test T10A10A1.
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Plot 2. Thermocouple trees in fire test room for test T10A10A1.
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Plot 3. Thermocouple tree readings for test T10A10A1.
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Ceiling TCs directly over fire - TC 64-68
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Plot 4. Ceiling Temperatures, burn room and corridor for test TI0A10A1.
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Room Gas Concentrations (%) - CO, CO,

Room Gas Concentrations (%) vs. Time (sec.)
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Plot 5. Room gas concentrations for test T10A10A1.
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Plot 6. Smoke optical density readings for test T1I0A10A1.
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Room Pressure
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Plot 7. Pressure difference between fire test room and adjacent space for test T1 0A10A1.
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Velocity, m/s

Door Probes
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Plot 8. Velocity readings through door opening for test T10A10A1.
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Appendix 2B

Kidde 1214 Full-scale Test Data
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APPENDIX 2B — KIDDE 1214 NOZZLES

Plot 1. Pressure-Flow data
Plot 2. Thermocouple trees in fire test room
Plot 3. Thermoc.ouple tree readings over fire
Plot 4. Ceiling temperatures, burn room and cbrridor
Plot 5. Room gas concentrations
Plot 6. Smoke optical density readings
Plot 7. Room pressure
Plot 8. Door probes
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D. C. Arm Water Mist Test
Check Sheet

Test: TI1K14A1 Date: 6/08/98
Nozzle type and spacing: 2-ESK 1214, 335m

Fire type fuel package: 0.7 x 0.7 m pan with steel cover, 8.0 L Heptane
Gas sampling calibration completed: yes

Sampling pumps on: yes

Micro-manometers on and zeroed: yes

Bi-directional probes set for zero: yes

Cold traps drained and filled with ice: yes

Sampling set for room: no Door: yes

ODMs cleaned and checked: yes

Smoke box vents: open

Correct pressure transducers installed: low

Radiometers cleaned / water and air turned on: yes

Water filters to fire pump checked and installed: yes

Weather conditidns: Temp. Wet bulb: 58°F Dry bulb: 65°F
Relative Humidity: 65%

Fan setting: 50%

System target pressure and flow: 190 psi, 2.7 gpm

Time of data collection start: 9:30 AM

Time of ignition: 3:00 min

Comments: door open- re-ignited at 9:00, let burn until fuel exhausted
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test11import2.jnb; Pan A/8; P1; Door(y); Vent(n); PB=180s; 2-K14-CL; 190 psi.

Plot 1. Pressure-Flow data for test T11K14A1.
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Plot 2. Thermocouple trees in fire test room for test T11K14A1.
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Plot 3. Thermocouple tree readings for test T11K14A1.
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